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The coil supporting structure in LHD has a torus 
shape with major radius of 3.9 m and minor radius of 1.8 m. 
It primarily consists of two parts, the upper and lower 
hemispheres. The only difference between them is that the 
lower part has the base for the cryogenic support posts. 
They fasten the helical coil between them through the shell 
arms which were connected to the coil vessels . Each part 
has the symmetric shape of 10 for its toroidal direction so 
that the support structure consists of 20 parts of identical 
shape. The layout of cooling pipes attached to the surface is 
also identical. It is made of 100 mm thick 316 stainless 
steel and all parts were assembled by welding. 
There are 8X 10 parallel paths for cooling of the 
support str~cture; 8 paths are distributed symmetrically on 
the upper and lower hemisphere of one sector. Temperature 
of the coolant was controlled not to exceed 50K between 
the inlet and the highest outlet temperature among the paths. 
Since the coolant flows through long plumbing paths from 
the inlet to the outlet, spatial temperature distribution is 
o-enerated and it induces a mechanical stress generation. b 
To obtain a temperature distribution on a surface of 
the supporting structure, a temperature gradient along a 
cooling path should be known. We assumed that the 
temperature gradient as, 
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where T is temperature at length L which is a distance from 
the inlet, La is total length of a coolant path and ,B is a 
parameter. Eq. (1) has a similar form of solution for 
governing energy equation under the condition of perfect 
heat transfer. Although the parameter ,B has to be decided 
by considering the change of thermal property such as 
thermal conductivity and specific heat, it was determined 
according to a temperature measurement in the actual 
structure. The tendency of the temperature changing should 
be expressed by the parameter ,B in Eq. (1). The ramp rate 
of inlet and outlet temperature of the cooling paths 
simulated the second cycle operation. I ,2) The estimated 
parameter ,B which was fit to the measurement value did not 
change much after 100 hours when the inlet temperature 
became 200 K. The parameter b was decided as 3.0 for T inlet 
>= 170 K, 2.2 for Tinlet < 170 K. 
Physical and mechanical properties needed in the 
analysis were defined as temperature dependent properties. 
Transient spatial temperature distribution was calculated at 
first and then the result was gi ven to structural calculation 
as a body load. FEM model2) was prepared and was solved 
by using ANSYS®5.5 . 
Although the measured strain included an apparent 
temperature dependent strain, the apparent strain would be 
canceled by subtracting a certain axial strain from its 
perpendicular one's so that the subtracted strain w~s 
compared with analytic results. Fig. 1. shows the stram 
difference against a cooling time in the analysis and the 
measurement. The measurement data used in the figure was 
obtained from the point HC-inlet in a sector of the 
supporting structure. In the actual operation, coolant supply 
was accidentally stopped at the time around 25 hours and 
also sometimes in the period of 240 to 320 hours. The times 
when the result of FEM and the measurement were 
different coincide with those times. The assumed 
temperature in the analysis omitted the suspended supply 
because the analysis could estimate the severest case of the 
cool down. Excepting those times, they agreed well. 
The maximu"m equivalent stress of 270 MPa appeared 
at the root of the support rib for the outer poloidal coil. The 
area in the actual structure had been notched to release a 
stress concentration while the model did not have that notch. 
Stress in other regions did not exceed 100 MPa. The tensile 
strain in inner-equator was the largest among them. The 
inner area of the component was cooled first but the other 
area, especially the outer area, was still warm and did not 
deform. Since the volume of warm area was much larger 
than inner area, the inner area was subjected to large tensile 
stresses. It was confirmed that the stress distribution and 
the displacement were within acceptable designed values. 
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Fig. 1. Strain different between poloidal and toroidal 
direction at HC-inlet area. 
References 
I) Mito, T., et aI., Proc. MT 16, (1999) 
2) Tamura, H., et aI., Advances in Cryogenic 
Engineering, Vol. 45, (2000) 753 
73 
